Colorectal cancer has high incidence and mortality. Early diagnosis could increase patient survival, but early diagnosis has been poor in China for the past decades. The purpose of this study is to assess the polyp detection rate (PDR) and adenoma detection rate (ADR) by colonoscopy in a Chinese population, and to determine the risk factors for adenoma.
Introduction
Colorectal cancer (CRC) is an important public health issue due to its high incidence and mortality rates. Early diagnosis could increase the 5-year relative survival rate, but even in the USA, only 39% of patients with CRC are diagnosed at an early stage. [1] Current evidence shows that factors affecting the detection rate of adenoma include bowel preparation, time of withdrawal, and operator factors. China has a large CRC patient population. [2] Thus screening for high risk individuals is particularly important and accurate risk factors for colon adenoma or colon cancer are urgently needed. Meanwhile, the Chinese ethnicity is different from that of Westerners, which may lead to different risk factors.
Data quality is very important for the accurate determination of risk factors. The American Cancer Society (ACS) Guideline (2018) recommends that adults aged 45 years and older with an average risk of CRC should undergo regular screening. [3] The American Society for Gastrointestinal Endoscopy (ASGE) stipulates that the age at which average-risk Whites should begin to undergo colorectal colonoscopy screening is 50 years, requiring an adenoma detection rate (ADR) for the population to reach 25% in men and 15% in women. [4] In the past decades, colonoscopy screening has been poor in China, and most studies assessing the ADR are uncontrolled retrospective trials, with inherent bias. In addition, the quality of endoscopic procedures and diagnosis are suboptimal. A recent study revealed an ADR in China of about 11.48%, with 18.30% in males and 3.36% in 50-60 years old individuals, [5] which are far below the international levels. Such results may be related to short withdrawal time, operator skills, and standard bowel preparation, among others. Indeed, prolonged observation time is associated with elevated ADR in the colon, especially in the proximal colon. [6] Since high ADR is considered to be associated with lower risk of CRC and CRC-related death, [7] we hypothesized that identifying factors determining the ADR would be clinically relevant, especially in high risk populations. Therefore, this prospective study used the most standardized endoscopic procedure to assess the risk factors for the ADR based on high-quality data, hoping to define the high risk population and a screening age for colonoscopy in China.
Methods

Patients
This prospective study was conducted at the Endoscopy Center of Sichuan Provincial People's Hospital, China. Outpatients and inpatients ≥14 years of age scheduled for colonoscopy at the Department of Gastroenterology from September 2017 to February 2018 were eligible for enrollment. Patients with a history of inflammatory bowel disease (IBD), polyposis syndromes, CRC, colorectal surgery, or contraindication to biopsy were excluded. In addition, the patients with incomplete colonoscopy procedure (insertion to the cecum), highly suspected adenoma polyposis, or giant advanced CRC masses found during colonoscopy were also excluded for safety purpose during biopsy.
Basic demographic characteristics were recorded before colonoscopy, including gender, age, chief complaint, procedure time (morning/afternoon), and anesthesia or not, as well as risk factors for colon polyps, including diabetes mellitus, coronary artery disease, body mass index (BMI), a family history of colon adenoma or cancer, alcohol use, tobacco use, and use of aspirin, non-steroidal anti-inflammatory drugs, metformin, folic acid, calcium, and hormone replacement therapy.
Colonoscopy procedure
This was a prospective study involving eight physicians who have passed the unified standardized training and authorization. These doctors performed colonoscopy in the Division of Gastroenterology and included two senior (>20,000 colonoscopy procedures), two mid-level (between 3000 and 10,000 colonoscopy procedures), and four junior (between 100 and 500 colonoscopy procedures) endoscopists.
All investigations were conducted using an Olympus Evis Exera III (CF-H260/CF-Q260) (Olympus, Tokyo, Japan). Intubation time was defined as the time span from scope insertion into the anus to the cecal pole, proximal of the ileocecal valve. [8] Withdrawal time was defined as the time spent for withdrawing the scope from the cecum to scope extraction from the anus. The withdrawal time included the time to observe the polyps and excluded the biopsy time. Time recording was stopped when the biopsy began and was started again at the end of the biopsy.
In order to describe the exact location of the polyps, the colon was divided into six sections: cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum. When a polyp was detected, the nurse helped perform the biopsy for histological examination, while the staff assistant recorded the location, size, and morphological features based on the Paris classification of polyps. [9] All polyps were obtained by biopsy for histological examination.
Routine bowel preparation for each procedure consisted of 4 L of polyethylene glycol, given in split doses. The Boston Bowel Preparation Scale (BBPS) [9] was used to assess bowel preparation. Segmental scores (0-3) from the right, transverse, and left sides of the colon were combined to calculate the composite BBPS (0-9). According to the Boston Bowel Preparation Scale standard, inadequate bowel preparation is reflected by composite BBPS <6 or any segmental score 1, while composite BBPS ≥6 or every segmental score >1 is considered to reflect adequate bowel preparation.
Propofol or its combination with fentanyl or etomidate was used for sedation. All patients were monitored for the duration of the procedure. Blood pressure was measured every 5 min. Pulse oximetry was used. Electrocardiography was performed in selected cases with preexisting cardiac disease. All patients received 4 L/min oxygen via a nasal cannula throughout the procedure. After colonoscopy, the patients were disconnected from electronic monitoring and transferred to the recovery ward provided they had gained an adequate level of consciousness.
Pathological polyp evaluation
All polyps were sent to the Pathology Department for histopathological examination. All pathologists were boardcertified. Polyps revealing serrated adenoma histology were considered adenomas in this trial, since the histo-morphology of serrated adenomas is between proliferative polyps and adenomas, but with high risk of malignant transformation. 
Ethics
Endpoints
The primary endpoint was polyp detection in the whole colon and rectum. Secondary endpoints were PDR and polyp morphology.
Statistical analysis
Continuous data were presented as means ± standard deviation (SD). For categorical data, absolute and relative frequencies were used. Univariable and multivariable logistic regression models were performed to identify the risk factors of the ADR. P < .05 was considered statistically significant. Statistical analysis was performed with SPSS 24.0 (IBM, USA).
Results
Patient and procedure characteristics
A total of 1197 patients were screened by colonoscopy; 139 cases did not meet the inclusion criteria: 22 with contraindication to biopsy, 69 with giant advanced CRC masses, three with a history of FAP/HNPCC, 12 with a history of IBD, and 33 not completing the procedure due to poor bowel preparation, stenosis, or other reasons. Thus, a total of 1058 patients were included in the final analysis.
The characteristics of the 1058 cases are shown in 
Characteristics of polyps and adenomas
In total, 767 polyps were detected, including 451 (58. Table 2 . No malignant samples were recorded.
Adenoma detection
In total, 261 patients had adenomas confirmed by pathological diagnosis. Comparisons between the adenoma-negative and positive groups are shown in Table 3 . Patient age was 48.6 ± 13.4 years and 56.3 ± 12.2 years in the two groups, respectively. Males showed more adenomas than females. The proportion of cases with tobacco use was larger in the adenoma positive group (P = .006). The proportions of cases with a personal history of adenoma (P = .001) and diabetes mellitus (P < .001) were higher in the adenoma-positive group compared with cases without adenoma. There were no significant differences in coronary heart disease, BMI, family history of colon cancer/adenoma, and use of acetylsalicylic acid, alcohol, NSAIDS, folate, calcium/vitamin D, and hormone replacement therapy between the two groups.
Regarding the colonoscopy factors, there were no significant differences in bowel preparation and doctor experience between the two groups, but withdrawal time in the adenoma-positive group was significantly higher compared with that of patients with no adenoma (6.31 min vs. 7.63 min, P < .001).
Impact of withdrawal time on the ADR
In this study, withdrawal time ranged from 2.7 to 18.7 min. There was a significant association of withdrawal time with the ADR. The 2015 edition of the ASGE CRC screening and monitoring guidelines proposed that in colonoscopy, withdrawal time should be greater than 6 min. [10] The results showed that withdrawal time <6.0 min resulted in significantly lower ADR compared with the ≥6.0 min group (P < .001) ( Table 4) . When the withdrawal time was <6 min, the ADR of the primary and senior physicians was 7.50% and 9.41%, respectively. When the withdrawal time was extended to ≥6 min, the ADR was significantly improved at 26.32% and 35.16%, respectively. The difference between certification grade was not significant (P =0.121).
Risk factors for the adenoma detection rate
Factors affecting the prevalence of adenomas and those affecting the ability of the procedure to detect them were analyzed by logistic regression analysis. The factors independently affecting adenoma occurrence were age (OR = 1.046, 95%CI 1.034-1.059; P < .001), gender (OR = 1.531, 95%CI 1.083-2.166; P = .016), a personal history of adenoma (OR = 2.860, 95%CI 1.304-6.273; P = .009), and diabetes mellitus (OR = 2.307, 95% CI 1.167-4.560; P = .016). The factors independently affecting ADR were insertion time (OR = 0.999, 95%CI 0.998-1.000; P = .007) and withdrawal time (OR = 1.010, 95%CI 1.008-1.012; P < .001).
Age of colonoscopy screening
Adenoma detection rates were assessed in eight age categories (10-year intervals) (Fig. 1) . The ADR increased with age, especially after 40 years, and the difference was statistically Table 3 Characteristics of the adenoma-positive and -negative groups. significant between the two genders (P < .001). The ADR in males (29.5%) was significantly higher than that in females (20.5%) (P = .001). Compared with women, the ADR in males between 40 and 59 years of age was much higher compared with that of age matched females (P < .05). There were statistically significant differences in overall ADR values between the two genders and various age groups (P < .05). The 2013 guidelines from the National Comprehensive Cancer Network (NCCN) on CRC screening suggest that people with unknown family history should begin screening for CRC at the age of 40. [11] Since CRC screening in China has been very poor in the past decades, family history is often inaccurate. Therefore, most individuals could be considered to have an unknown family history, so we selected a cutoff of 40 years in this study. According to the obtained results, the ADR of patients over 40 years of age (29.56%) was significantly higher than that of subjects that were 40 years old or below (7.63%) (P < .001) ( Table 5 ).
Risk factors for ADR in individuals based on the cutoff age of 40 years
In the subgroup analysis based on age, no parameter was associated with ADR in patients 40 years and below. The multivariable analysis showed that age (OR = 1.038, 95%CI 1.020-1.056; P < .001), a personal history of adenoma (OR = 2.568, 95%CI 1.061-6.212; P = .036), diabetes mellitus (OR = 2.280, 95%CI 1.104-4.707; P = .026), insertion time (OR = 0.999, 95%CI 0.998-1.000; P = .006), and withdrawal time (OR = 1.009, 95%CI 1.007-1.011; p < .001) were risk factors for ADR in individuals above 40 years old.
Risk factors for ADR based on gender
In the subgroup analysis based on gender, the multivariable analysis showed that age (OR = 1.025, 95%CI 1.008-1.042; P = .003), diabetes mellitus (OR = 3.065, 95%CI 1.448-6.488; P = .003), and withdrawal time (OR = 1.007, 95%CI 1.005-1.010; P < .001) were risk factors for ADR in males. In females, age (OR = 1.064, 95%CI 1.042-1.087; P < .001) and withdrawal time (OR = 1.012, 95%CI 1.008-1.015; P < .001) were risk factors for ADR.
Discussion
Adenoma detection is the key task of screening colonoscopy. Through standardized bowel preparation and colonoscopy parameters (e.g., withdrawal time), the ADR has reached the level suggested by the ASGE guidelines [10] in this study. The overall PDR and ADR were 36.96% and 24.67%, respectively, significantly higher than previously reported in China and close to the requirement of the Chinese guidelines. [12] 
Risk factors for colon polyps and PDR
Previous studies have indicated that gender, smoking, alcohol, BMI, diet, physical activity, medication, and/or hormone replacement therapy are risk factors associated with colorectal polyps. [13, 14] In contrast, factors such as use of non-steroidal antiinflammatory drugs or aspirin, high intake of folate, calcium, and fiber were found to significantly decrease the risk of polyp. [13] In a recent large multicenter chemoprevention study, evidence was provided that calcium and vitamin D supplementation increases the risk of SSA/Ps. [15] As for operator factors, studies of colonoscopists within the same gastroenterology groups consistently demonstrate an ADR variation of 3-6 fold between the best and worst performers. [16] [17] [18] When detection is expressed as adenomas per colonoscopy (APC), the differences between the top and bottom performers can even exceed 10 fold. [16] According to the above results, the PDR was 36.96% and related to age (P < .001), BMI (P = .001), procedure time (including withdrawal [P < .001] and insertion [P = .004] times), gender (P < .001), sedation (P = .023), a personal history of adenoma (P = .004) and diabetes mellitus (P < .001), tobacco (P = .001) and alcohol use (P = .003), and calcium and vitamin D use (P = .013). These findings corroborated reports by Western studies. Nevertheless, no significant associations were found between the PDR and family history of adenoma/colon cancer, coronary artery disease, use of aspirin, NSAIDS, folate and hormone replacement therapy, bowel preparation and operator experience, which may due to the limited samples size, for example, the numbers of patients with coronary artery disease (n = 18), acetylsalicylic acid use (n = 67), folate use (n = 35), and hormone replacement therapy (n = 29) were relatively low. There was no significant correlation between BMI and ADR in our study, which may be related to the narrow range of BMI of the study subjects. Because some patients with cardiovascular and cerebrovascular diseases used antiplatelet and anticoagulant drugs such as aspirin or clopidogrel, biopsy could not be performed. In addition, some patients refused polyp biopsy for economic and conceptual reasons. Furthermore, the rate of colonoscopy in China is low, especially in the previous decades, with deficient CRC screening. Therefore, data regarding family history of CRC or adenoma may not be accurate, which could also lead to discrepant statistical results.
Risk factors for colorectal adenoma
Multiple studies have assessed the risk factors of colorectal adenoma. It is generally acknowledged that the main risk factors include age, male gender, smoking, drinking, obesity, metabolic syndrome, and family history. [19] It is estimated that 30-50% of the CRC risk is attributable to lifestyle factors such as smoking, high consumption of red and processed meat, obesity, diabetes, and excessive consumption of alcohol. [20] Studies have reported an increased risk associated with long-term cigarette smoking, which may be responsible for 20% of CRC cases. Age as a risk factor is equally relevant in women and men. More than 50% of CRC cases are diagnosed after the age of 70, with only 10% being detected before age 55. [21] Nevertheless, the risk of men developing advanced adenoma or cancer is roughly double that of women. [14, 22] A recent study demonstrated that the male gender increases the risk to a similar extent as a positive family history of CRC. [7] In a Portuguese prospective study, the metabolic syndrome (MS) was shown to be associated with increased prevalence rates of adenoma (43% vs. 25%, P = .004) and CRC (13% vs. 5%, P = .027), compared to patients without MS. [23] A recent metaanalysis [24] of 29 eligible studies confirmed these estimates, indicating an increased risk of CRC in type 2 diabetes (RR = 1.29 for men and 1.34 for women).
Based on the high-quality colonoscopy data from the present prospective study, the multivariable analysis demonstrated that age (P < .001), gender (P = .016), a personal history of adenoma (P = .009), diabetes mellitus (P = .016) are predictors of adenoma incidence. With regard to alcohol use, a family history of adenoma, and a family history of colon cancer, our data failed to show significant differences in adenoma incidence rates, probably due to the limited sample size and the likely inaccuracy of family history mentioned above. In addition, most previous studies were performed in Western countries, and racial and genetic differences may explain the discrepancies described here.
On the other hand, protective factors for adenomas have been reported. Evidence suggests an association of regular aspirin use with reduced risk of adenomatous polyp and CRC. [25] In a Health Technology Assessment report, [26] pooled analysis of two studies evaluating 300 to 1200 mg/day of aspirin indicated a 26% reduction in CRC incidence over a 23-year follow-up period. Furthermore, a meta-analysis suggested that metformin therapy may be associated with a decreased risk of colorectal adenoma and CRC in type 2 diabetes mellitus patients. [27] Another systematic review of four randomized, placebo-controlled trials including 2998 participants indicated a modest chemopreventive effect of calcium supplement against colorectal adenoma (approximately 10%-15% risk reduction; high-quality evidence). [28] Nevertheless, we found no significant association of these factors with adenoma, including use of acetylsalicylic acid, NSAIDS, folate, metformin, calcium/vitamin D, and hormone replacement therapy. These discrepancies are likely related to racial and genetic differences and the limited number of samples, especially for medication users. Therefore, more studies are needed for confirmation.
Withdrawal time and age have effects on the ADR
This study showed that the ADR was associated with age, gender, insertion time, withdrawal time, a personal history of adenoma, and diabetes mellitus. With withdrawal time <6 min, the ADR was significantly reduced (P < .001). Our results show that both the junior and the senior physicians have significantly improved ADR when the withdrawal time is >6 min, regardless of the operator's certification. Nevertheless, since the number of junior physicians involved in this study was only 12.8%, this conclusion needs further confirmation. According to the multivariable analysis, age, withdrawal time, a personal history of adenoma, and diabetes mellitus may be independent predictors of the ADR. In subgroup analysis based on age and gender, patients 40 years of age showed no parameter was associated with ADR except for withdrawal time, while patients above 40 years old showed similar risk factors with all subjects, and diabetes mellitus showed higher correlation with ADR in male. On the other hand, BMI, anesthesia, a family history of colon cancer, a family history of adenoma, coronary heart disease, tobacco use, drug use (acetylsalicylic acid, NSAIDS, folate calcium, vitamin D, and hormone replacement therapy), and bowel preparation were not directly associated with ADR.
Factors impacting the ADR have been widely studied. Indeed, bowel preparation and colonoscopy time, inspection time, and operator factors are known factors of ADR. The associations of some of these factors have been confirmed with ADR, with their inclusion in the guidelines for colonoscopy as control elements. [18, [29] [30] [31] [32] [33] [34] [35] [36] The ASGE has listed ADR factors in details in their 2015 edition of CRC screening and monitoring guidelines, and has made corresponding quality control requirements. For example, when colonoscopy is performed, withdrawal time should be >6 min. [37] Operator factors also significantly affect the ADR, for example, observation skills (detection behind the intestinal content and dilated colon), and their predictive potential for the ADR may even exceed the effects of age and gender, through appropriate training that can significantly improve the ADR. [17, [38] [39] [40] Good bowel preparation is the basis for ensuring quality colonoscopy. Under poor bowel preparation, "micro adenomas" with diameters <5 mm are easily missed. Such patients need to shorten the screening period to avoid the occurrence of interphase CRC. [41] In this study, due to the limited number of patients with inadequate bowel preparation, we found no significant association of bowel preparation with ADR.
The ADR directly correlates with the incidence and mortality of post-colonoscopy (or interval) CRC. Patients with a history of CRC or a family history of CRC have significantly higher rates of adenoma. As shown above, however, a family history of CRC seemed to have no significant correlation with the ADR, which may be due to the exclusion of cases with giant colonic neoplasms and polyposis in this study.
Men over 40 may need colonoscopic screening
With the increased incidence of sporadic CRC in young adults, several behavioral and environmental factors affecting CRC have been proposed. The current data showed that about 28.87% of men and 10.45% of women in their 40s have adenomas detected through colonoscopic screening. The NCCN published in 2013 a guideline about CRC screening, mention that people with unknown family history should begin screening for CRC at the age of 40. [11] Since CRC screening in China has been very poor in previous decades, family history is often inaccurate and can be considered an unknown family history. Therefore, a cutoff age of 40 years was selected in this study. The ASGE stipulates that Caucasians at average risk should begin to undergo CRC colonoscopic screening at 50 years of age, requiring that ADR values for the population should reach 25% in men and 15% in women. [5] These values were determined from domestic CRC epidemiology and ADR-related studies in the United States. No such data have been previously reported in China, which makes it very difficult for China to determine the age at which CRC screening should be performed. This study showed that the ADR in males increased gradually after the age of 40. Nevertheless, due to the limited sample size, we failed to analyze age subgroups at 5 year intervals, to provide information about the PDR and ADR in the region. Previous studies showed that the incidence of advanced adenoma in the average risk population in China is lower than that in Europe or America, but higher than the rates in other Asian countries. Accordingly, the screening age could be at 55 years, between 50 years in the USA and 60 years in South Korea. Differently, this study showed that in individuals over 40 years old, the ADR was higher than described by the ASGE, suggesting that CRC screening may occur earlier in China than in the United States, which is quite different from a previous similar study in China. However, an accurate answer to the problem of screening age cutoff requires larger sample size studies and more detailed analysis. Finally, we also found significant differences between ADR values in males and females of the same age groups, suggesting that screening strategies should take gender into consideration.
Limitations
Several limitations should be mentioned of this study. First, this was a single center study, and the Han nationality in China is large; thus, all the study patients were Han Chinese. Therefore, the current data cannot reflect ethnic differences and the findings may not be generalizable. Second, the sample size was relatively limited. Third, during the procedure, patients with massive CRC were excluded, which may lead to selection bias. Fourth, since social responsibility is a major cultural concern for many Chinese, the rate of adequate preparation was quite high, preventing to observe an effect of bowel preparation on the ADR. Fifth, in the subgroup analysis based on age, no parameter was associated with ADR in patients 40 years and below, but this lack of association can be due to the small number of adenomapositive patients among those <40 years of age. Sixth, because the examination procedures were carried out in the examination room in the study, the endoscopic physicians could not be blinded. Finally, in China, it is necessary to complete blood routine, coagulation function, pre-transfusion measurements, electrocardiogram, and other preoperative examinations before polypectomy. Therefore, when polyps are found and biopsied, they have to be removed during a second colonoscopy. This difference with Western practice could affect the generalizability of the results.
Conclusions
In conclusion, these findings add to several evidences for CRC screening in the Chinese population. ADR increases with age, withdrawal time, a personal history of adenoma, and diabetes mellitus. Age, insertion time, withdrawal time, a personal history of adenoma may be independent predictors of colorectal adenoma detection. This study, combined with European and American guidelines, [3, 11] found that 40 years old may be a suitable age for beginning CRC screening in the general population in China. The relevance of the results to routine clinical practice is mainly the determination of the key factors that could suggest the need for CRC screening: male, >40 years of age, history of polyp, diabetes, etc. In addition, this study analyzed the factors related to the colonoscopy itself, in order to improve the detection rate of polyps/adenoma. Those factors include the time for entering and withdrawal of the endoscope, which can help clinicians to improve their ADR performance.
